Abstract : Background : On 11 March 2011, the Great East Japan Earthquake followed by a powerful tsunami hit the Pacific Coast of Northeast Japan and damaged Tokyo Electric Power Company's Fukushima Daiichi Nuclear Power Plant, causing a radiation hazard in Fukushima Prefecture. The objective of this report is to describe some results of a questionnaire -based pregnancy and birth survey conducted by the Radiation Medical Science Center for the Fukushima Health Management Survey. Materials and Methods : Questionnaires were sent to women who received maternal and child health handbooks from municipal officers in Fukushima Prefecture between 1 August 2010 and 31 July 2011, with the aim of reaching those who were pregnant at the time of the disaster. Mailing began 18 January 2012. Data were analyzed separately for six geographic areas in Fukushima Prefecture. Results : The total number of women meeting survey criteria was 15,972. The number of responses received to date is 9,298 (58.2%). Data from 8602 respondents were analyzed after excluding 634 invalid responses and 5 induced and 57 spontaneous abortions (less than 22 gestational weeks). The incidences of stillbirth (over 22 completed gestational weeks), preterm birth, low birth weight and congenital anomalies were 0.25%, 4.4%, 8.7% and 2.72%, respectively. These incidences are similar to recent averages elsewhere in Japan. Conclusion : Considering the pregnancy and birth survey data in aggregate, our disaster seemed to provoke no significant adverse outcomes over the whole of Fukushima prefecture. But post -disaster prenatal care and support intended for patients' safety and security should be coupled with ongoing surveillance and rigorous data analysis.
INTRODUCTION
The Great East Japan Earthquake occurred on 11 March 2011. After that a powerful tsunami hit the Fukushima Daiichi Nuclear Power Plant, thereby causing a radiation hazard in Fukushima prefecture. The radioactive plume from the damaged nuclear power plant was carried north, along with wind and rain, toward the prefecture's most populated Kenpoku area 1) . Soon after the disaster, the Fukushima prefectural government launched the Fukushima Health Management Survey to investigate longterm low -dose radiation exposure caused by the accident 2) . The pregnancy and birth survey, one of 4 detailed surveys comprising the Fukushima Health Management Survey, aimed to collect data that might improve obstetrical and prenatal care, and to support women who were pregnant or delivered babies in Fukushima prefecture during and after the disaster 2) . In general, disasters potentially influence a range of reproductive and birth outcomes. Even without direct exposure to a disaster, circumstances may lead to an increased risk of adverse outcomes, -for instance, more unplanned pregnancies and sexually transmitted infections 3) . However, the literature on disasters indicates limited effects on birth outcomes. Several studies of terrorist attacks 4 -9) , nuclear reactor accidents 10 -16) , and natural disasters (earthquakes 17 -20) and hurricanes 21, 22) ) have been identified. Disasters of various types may affect on fetal growth, although there is no clear causal link to shortened gestation or preterm birth 3) . The objective of this report is to describe some results of a pregnancy and birth survey after the disaster based on questionnaires from the Radiation Medical Science Center for the Fukushima Health Management Survey.
MATERIALS AND METHODS
This pregnancy and birth survey sought women who received maternal and child health handbooks from municipal officers in Fukushima Prefecture between 1 August 2010 and 31 July 2011, and women who had handbooks issued in other prefectures but received prenatal care or delivered babies in Fukushima Prefecture after the disaster. The objective was to reach women who were pregnant at the time of the disaster. This survey was approved by the ethics committee of Fukushima Medical University, which is guided by local policy, national law, and the World Medical Association Declaration of Helsinki (approval #13047).
Questionnaires, which can be seen on our web site 23) , have been mailed out since 18 January 2012. A total of 16,001 questionnaires were ultimately distributed.
General demographic and perinatal outcome data include, maternal age, parity, gestational age at delivery, whether preterm (22 -37 gestational weeks), birth weight itself and normal vs. low birth weight (less than 2,500 g), live birth vs. stillbirth (fetal deaths at 22 completed weeks and over of gestation) and delivery mode. Major congenital anomalies recorded include, cataract, cardiac malformation, kidney or urinary tract malformation, spina bifida, microcephaly, hydrocephalus, cleft lip or palate, intestinal atresia (esophagus, duodenum, ileum), imperforate anus, and poly or syndactylism.
Data were also analyzed in aggregate and in six geographic areas (Kenpoku, Kenchu, Kennan, Soso, Iwaki and Aizu : Fig. 1 ).
Demographic and perinatal outcome data of the subjects are presented as mean +/− one standard deviation or as incidences where appropriate. Discrepancies with the total number of valid respondents exist because there were missing data in each subject area.
For statistical comparisons, Pearson's chisquare test followed by residual analysis were applied to incidences of stillbirth, preterm delivery, low birth weight and congenital anomalies. The significance level was set at p<0.05. Data analyses were performed by SPSS ver. 21.0 (IBM Japan, Tokyo).
RESULTS
The number of responses as of 31 March 2013, excluding 29 outside Fukushima, was 9,298 (58.2%) ( Table 1 ). The number of responses by geographic area appear in Table 1 . The data of 8602 respondents considered for this report exclude 634 invalid responses (5 no answer, 1 death of participant, 20 multiple responses, 32 inconsistent answers, 460 deliveries before 11 March 2011, and 116 during pregnancy) and 5 induced and 57 spontaneous abortions (less than 22 gestational weeks). The response rates were highest in Soso (where the Fukushima Daiichi Nuclear Power Plant is located), Kenpoku and Kenchu (downwind of the major overland radiation plume). See Table 1 and Fig. 1 . Table 2 shows demographic and perinatal outcomes. The overall mean maternal age was 30.1± PREGNANCY AND BIRTH SURVEY AFTER THE FUKUSHIMA NPP ACCIDENT 
Neonatal birth weight (g) (mean±SD) Table 3 shows obstetrical outcomes of pregnancies among respondents. The overall incidences of stillbirths, preterm birth and low birth weight infants were 0.25%, 4.4% and 8.7%, respectively. By area, there were no significant differences in the rate of stillbirth (p=0.399) or preterm delivery (p=0.766). However, the incidence of low birth weight varied, being significantly lower in Kenpoku and higher in Iwaki. Table 4 shows the incidence of congenital anomalies in each area. The overall incidence of congenital anomalies was 2.72%. The highest incidence of any anomaly was cardiac malformation at 0.89%. There were no significant differences of anomaly by region (p=0.275). However, the incidence of all anomalies in Kennan was significantly higher by residual analysis.
DISCUSSION
The Radiation Medical Science Center conducted a cohort study of all people living in Fukushima Prefecture after the earthquake : a basic survey (to estimate external radiation exposure) and 4 detailed surveys. The detailed surveys comprise a thyroid ultrasound examination for all Fukushima children aged 18 years or younger, a comprehensive health check for all residents from the evacuation zones, an assessment of mental health and lifestyles of all residents from the evacuation zones, and the pregnancy and birth survey described herein 2) . This longterm large -scale epidemiologic study is expected to provide valuable data in the investigation of the health effects of low -dose radiation and disaster -related stress.
In this report, in the entire Fukushima Prefecture, the post -disaster incidences of stillbirth, preterm birth, low birth weight and congenital anomalies were 0.25%, 4.4%, 8.7% and 2.72%, res pe c tive ly. These incidences are similar to recent averages in Japan. By area, there were no significant differences in the rate of stillbirth or preterm delivery. However, the incidence of low birth weight varied, being significantly lower in Kenpoku and higher in Iwaki. The reasons for these significant differences are unclear. It will be necessary to examine birth weights by the multiple factor analysis including maternal complications.
The incidence of stillbirth is gradually decreasing in Japan as quality perinatal care improves. In 2011, the incidence of stillbirth was 0.33% 24) . However, the incidence of preterm birth and low birth weight are gradually and slowly increasing in Japan as more high risk pregnancies occur such as advanced maternal age and medical complicated pregnancies. In 2011, the incidences of preterm birth and low birth weight were 5.7% 25) and 9.6% 26) , respectively.
Disasters, in and of themselves, potentially influence various aspects of perinatal health. The Chinese Wenchuan earthquake, which caused nearly 70,000 deaths in 2008, was associated with many birth complications, including higher rates of low birth weight, preterm birth, birth defects, and lower Apgar scores in a large study of survivors 17) . The Taiwan earthquake of 1999 was also associated with 18) . Pregnant women, who had experienced the 1994 Northridge earthquake in California, gave birth earlier than expected, and the effect was strongest for those exposed in the first trimester 19) . An increase in preterm delivery was seen in one hospital after 2 of 5 Israeli earthquakes 20) . Through these observations, we could conclude no significant adverse outcomes in a pregnancy and birth survey of Fukushima Prefecture after our disaster. Moreover, these results suggest that routine pregnancies in Fukushima received appropriate prenatal care after the disaster.
The overall incidence of congenital anomalies in Fukushima was 2.72%. There were no significant differences in all congenital anomalies or each malformation in the prefecture as a whole or in each geographic area except Kennan (by residual analysis). The lowest number of births in Kennan seemed to have accidentally induced the increased incidence of all anomalies.
In general, the World Health Organization reports congenital anomalies (also referred to as birth defects) as affecting approximately 1 in 33 infants (3.33%) 27) . In Japan, the percentage of birth defects was reported to be 2.31% in 2010 according to a report of the ICBDMS Japan Center 28) . Several prominent environmental or technical disasters have been reported about congenital anomalies. These include the nuclear reactor accidents at Chernobyl, Ukraine, in 1986 and at Three Mile Island, Pennsylvania, in 1979. Chernobyl involved a much larger radiation leak and affected many more people than Three Mile Island or Fukushima. Reviews of the effects of the Chernobyl disaster indicate increased rates of microcephaly and neural tube defects 11) ; however, most birth defects did not in- . Although the data for the most exposed areas are limited 11) , a suggestion of an increase in congenital anomalies in the immediate vicinity of Chernobyl has been reported 16) . The World Health Organization concluded in the "Health Effects of the Chernobyl Accident and Special Health Care Program 2006" that the Chernobyl accident did not significantly increase neonatal anomalies or stillbirths related to radiation exposure 29) . Finally, although it is possible to underestimate incidences when using a self -administered questionnaire with variable response rate, we could conclude no significant adverse outcomes from the pregnancy and birth survey over the whole Fukushima prefecture after the disaster. Residents in Fukushima are still suffering from the catastrophe caused by the Great East Japan Earthquake, which was followed by a powerful tsunami and the Fukushima Daiichi Nuclear Power Plant accident. Furthermore, another type of damage was the created by the nuclear accident in the form of 'fuhyohigai', which is defined as economic, psychological and political damage attributed to baseless rumors or confused public anxiety under extreme disasters of this scale. Although pregnancy and birth survey data in aggregate showed no statistical anomalies, post -disaster prenatal care and support intended for patients' safety, security, and normalization of living conditions should be coupled with ongoing surveillance and rigorous data analysis. 
